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MaJ.e Sprugteelaviey rats werc ecpesed a% 102 days’ or 8ge to vho!e

- body dases or 130 or 660 :ads of % rays or to 230, 320 or 365 rafs ot

fest neuvtrongs ﬁenta!. .'I.esaons, evidenged 'b!f cha!!gy whtte zonqs in me

. tooth cu’bst.anée, 'began appearm ar. the gingderd-ergst approximuely

'35 days posurradiaucn in the uaudibua.ar lmmors and uvczu veeks

later in the max!nary 1nctsors ‘nze ume of ‘wextmm ncidesice of -

anmax.s vtt.h lesmns occuma cheea the ttftuth and seventy. nttu
days posurradsauou and. 'by the end ©f the fourth meath, &1l J.euons
had disappeared fron the canuauanv grwzag 1:-xc1.for.s.thrwgh att.n- ’
tion at the o:clusai. edses. .The totel incxdeace ot ansmahmm one
or more lesions was 97% afteér 430 yalds of X Ay 3nd 3.00% after all '
other tigses. The size of the Lesions and the nm‘ber o!‘ Iesxons per :
animal vere greater at the higher dasesrrﬁor cac}! typs of rad;ay.?.on. o
in some aniaials‘gractures seeurted at the lesion and vere confined. )
largely to aa:‘.&i‘bular sncisors- he total"iactdencroz‘ animsls w1£h
fractured inciscrs vas greater at ho higher doses ror each type of
radiations Food in meal {otm, presented in Open cantamera, resgxlted
i.n a lower Incidence of fractures us éompared with the resulis of a
p:"ev.ious study ir which the seme food in pellet form was suppiied in

wire mash contziners. Neutrons appeared to be two to three times more

effective than X rays in producing the lesions. '
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e . '%ﬁe bbdy exposures t§ x-rays or neutrons in %he high sublethal and -

The Problem:
- A mapcroscopic lesion has been observed in the incisor teeth of
rats several weeks after irradiation. Only one lesion per tooth is
. observed. This lesion ‘is an area of structural weakness at which

° . fracture ma.y occur. A study was made to assess the incidence para-
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ce ® o Mmeters ;or young adult ma.le rats which develop the, 1esion after single
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'f'“ o . period ef maximm !ncldenee ef enimals vath 3.es£0ns wa® 50-¢3 days N
K io].‘lming elthe?.‘ t?pe Of radtatj,ano A, 1es?0hs had ‘a{sappeared 'ehrough .

o noma.'.l. wear!ng of the gontimtally' grovfng 1ngisor teeth at the Biting PR
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tractures Ocmred Sﬂpplvzns 2006. i meal fom resu!.ted int Lobep tnv
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quarters. Beginning within 35 days postirradiation, meal food (Purina
Laboratory Chow) in open containers and water were supplied ed libitum.
The animals were part of a larger group destined to be studied

throughout their life spans for late effects of irradiation. The

study was composed of four experiments using animals from four birth-
“ “dates separated by two week intervals.
o

mate were dsst'txbuted as equally as practicable among a sham irradiat-
Q
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Within each experiment, litter-
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The 60 inch cyclotron of the University of California Crocker o

Laboratory was the source of fast neutrons. Neutrons were produced by ©
12 Mev proton bombardment of a beryllium target. Sulifur ﬁhggsh,s;@ @e- -

tectors were used as dosimeters for the firstg c@iiﬁ,sfson dosey °I‘hg
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method of dosimetry (7) have been publishede lgor exposure' ea.ch ania ©
°

mal was confined to a cardboard tube placed with a iateraﬂ, s?de® Qoward.

the source. At the midpoint ofothe expesifye; the t¥del vebe Setrned, ° o o
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After the first month postirradiatigm, §hg Lne8edP Sceth €5 gash . o

animal were inspected at approximately wgekRY fatezvels and @%egBamg
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Fig. 1 The incisor teeth of a
rat that had been irradiated with
320 rads of neutrons 57 days pre-
viously. Note white lesion
in each of the mandibular inci-
sors. The teeth are slightly con-
stricted in the region of the le-
sion. The corresponding defects
in the maxillary incisors are
still subgingival.

(2]

Fig. 2 The incisor teeth of a
rat that had been irradiated with
36® rads of neutrons 78 days sre-
vious?y. ©Note that each mandgdu-
9ar incisor is broken at the %e-
sign, the rempant ofewhieh ®s af
the occlusal surface. FEa®® maxe
illary incisor is elenga%ed as

a result of fracture of %¥ts ®pe
posing Aincisor and s slightly
constrficted at the lesiens



(4]

view approximately two weeks later in the erupting maexillaery incisors
(Fig. 2). The lesion presented as a chalk-white zone in the maxillery
and as a glassy to chalky zone in the mandibular incisors. The glassy
appearance maey have been due to the absence of pigmentation on the
labial aspect of the tooth at that point. The size of the zone varied
from a fine hair line to an area involving approximetely l/ 3 of the )
erupted tooth. The degree of visibility and the size of the zone
varied with dose, being least after 430 rads of x-rays and greatest
after 360 rads of neutrons. In some cases the shaft of the tooth was ]
constricted at the lesion, the frequency being greater at the higher
doses. In every instance the defective zone extended the fuld width
of the tooth. The sizes of the lesions in adjacent teeth were ngt
necessarily equal, differing, in some cases, by a factor of®twly

The cumilative incidence of animals exhibiting one or morg dge
fective incisors was 97% in the 430erad x-ray group and 100% iR ajd
other groups. There was a gxi*.a.ter gradstion of responosg vi%h 5‘@5@(;3'5
to number of incisors affected per animal smong the sublethaﬁy <o
irradiated animels than among those in the other groups"’[’a.b’e E:.
Defects were observed in all four incisors of 54% of thosg gxpfsed $9 o ©

°

430 rads of x-rays in contrast with 88% or more after % gt?lefsg.ta.? °
and neutron dosess A%though areas of discolorafion are £8un} sssaw
sionally on the incisor teeth @f non-irradiated animals, in n® ‘astan!e,.

has a lesion identical with that produced by irradiation been observede
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The incidence of x-irradiated animels with one or more lesions as o
a function of time postirradiation js presented gn Fig. é. In both °
groups defective zones were detegted inltia®®y between 83 %5 days
o

postirgadiation. The maximum ingidenge was a%taPned ®etween days 59 @ °
65 in the 430 rad group and between days O -°Z§ in the 680 gad groupg
Lesions were no longey apparent by day 85 and day 1(.)5 in the lgo and
680 ;ad groups, respectivelye The ®esiens wege fagst observed 4n the
mendibular incisors (Fig. 4} foljewed wgth®y twg weeks by observation o
of lesions in the maxiﬂ.la.ry :nc5soss°of sgme a.n‘mats. Wn§®e ghe %imes
of first appearance, maximum 1nefden:e, and §8sappeagange @f ma.nd:bu!.ac
lesions appeared to 't;e about the same g8 HavYy G§se greupsg a Fengem
time was required for the incidenge @ anjmals with max$®®arP $ncisore
lesions of the 680 rad group to reacly a max¥mm and t® get@ypy t@ zero.
The times of first appearance s.nd €5 max®mum Pn®idence ¢f*meutgon-
exposed animals with lesions in the jinglsers :Fig. 5’ €¥rgesponded 9 °
those obeerved for animals exposed %8 x-rayse For the ear@iest jne
terval, the incidence in the 230 rad group was apprsxfmate}y gour®
times that of either of the other %w® neutron-exposed grgups and in-
dicates a longer latency for eomparalgle §ncidence with highey d:ses
of neutrons. The maximum incidences observed were of the same order
as that noted for the 680 rad x-ray group and occurred at approximately

-]
the same time. As in the case of the x-ray groups, the timegrequirea o ©

for disappearasnce of all lesions varied with dose. The dichotrmy in
©
o (-]

o o
-} =] (] [+
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®ERCENT RATS WITHINCISORRESIONS
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PERCENT RATS Wi®H INCISOR LESIONS
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Fig. It Percent incidence of rats with lesions in mendibular and/or
maxillary incisors, as a function of time, following whole-body
x~-lrrediation.
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Fig. § Percens incidence of rats with broken mandibular and/or
maxil8axy incisors, as a function of time, following whole-body
neutron er xeirradiation.
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For either mandibular or maxillary incisors, the initial appear-
ance of a lesion occurred in the majority of the animals at the same
time; however, there was an interval of three to five weeks before all
animals in a group had presented a lesion. In those animals present-
ing a lesion of both mandibular or both maxillary incisors, the de-
fective zone appeared in the second member of the pair within two
weeks following appearance of a lesion in the first of the pair. For
the individual animal, the time interval between the appearance of the
defective zone in the first mandibular and the first maxillary in-
cisor varied fr:xn less than a week to approximately seven weeks. The
reason for the defect not appearing simultaneocusly in both of a pair
of incisors is not known but may be due to differences in tooth bud-
gingival crest distances, growth rates, and/or to cell state at
irradiation. The same factors may also contribute to the variability
in appearance times among animals. Unfortunately, there wereein-
sufficient numbers of littermates within each irradiation group to
determine the portion of variability attributable to litter differ-
ences. An apparent genetic and/or neonatal effect upon.méa.n day of
first appearance of the lesion has been found (8).

In contrast with leist's finding that maxillary incisors were
damaged more often than mandibular incisors (2), it is of interest
thet the majority of our animals had lesions of all four incisors,

and in those cases in which not all four incisors were affected, the

ik



maxillary incisors were, in most instances, the ones without visible
defects. Leist attributed his findings to the fact that his animals
were irradiated fram the dorsal side and assumed that the difference
wvas due to a.greater dose delivered to the maxillary incisors. In
the present experiment the x-irradiated animals were also irradiated
fram the dorsal side. The inconsistency in the observations may
lie in differences in the energy spectra of the radiation beams and
the resultant differential in depth Qdose.

In a previous experingnt (5) in which food pellets were pre-
sented in conteiners of wire .mesh through which the animals had to
gnaw, the incidence of animals with fractures was 26% after 430 rads
and 91% after 680 rads of x-rays.. In that study, the animals were
gliven meal food as vel® as reMPels in open containers only after de-
seclion eof a Pyekem Yooth. In ®he present sBudy, in which the ani-
ne®s were ®laee? om mea® f8od wikhin 354lays following irradiation,
the gragture gncillenees wejg Qf afley 330 gads and 31% after 680 rads.
The gonsfderdble dggfegences i% Jngidenses are, no doubt, due to the
menner of feeding. These observa%ions suggest the value of pre-
ventive measures im studies ef ¥rradiated rats during the critical
dental period. It would be advantageous to preclude partial or
total starvation during the eritical dental period by feeding
the animals meal food in open containe‘s and inspecting the teeth

at least once a week. Contrary to opinions held by same, the .
°

15



rat does not appear to require pellet food upon which to gnavw in order
to prevent overgrowth of incisor teeth. Our present practice is to
maintain animals on meal food fram the time of receipt from the breed-
ing colony (25 days of age) until death. Animals have been maintained
on this regimen for more than 1000 days without dental problems arising
as a result of the physical state of the food. °

The critical dental period may not coincide in all cases with
that presented here. The time of appearance' of defective tooth
substance in the exposed portion of the incisor may be delayed at
higher doses. For example, Medak et al (9) have published photamicro-
graphs of maxillary incisors in which the defective portion of the
tooth hed not. erupted at 27 and 30 weeks following local exposure to
3000r of 100 kv x-r.ays.. It is possible that some of the broken teeth
observed in the present study were the result of a transient camplete
cessation of tooth formation with a resultant minute gap in the tooth °
structure similar to the more pronounced gaps observed following ex-
posure of the head only to single (4,9) or multiple (10) doses of
kiloroentgen magnitude.

The fractures in the present experiment were confined largely to
the mandibular incisors. Although this may be due to a greater degree
of .radiation damage to the lower incisors, it may also be a resultant
of the differences in physical characterist%cs between the two pairs

of teeth. The smaller cross section, the greater length and the
®



apparent lesser support by its pair member as evidenced by lateral
mobility, are factors which would favor fracture of the mandibular
incisor.
SUMMARY:

Adult male rats were exposed to single whole-body doses of x-
rays or neutrons in the high sublethal and 30 day lethal ranges. A
chalky zome was detected in the tooth shaft at the gingival crest of
mandibular incisors approximately 35 days postirradiation and in
maxillary incisors several weeks later. The intensity of the lesion
and the number of incisors affected per animal varied with d.o;e
being least after sublethal x-irradiation and greatest after exposure
to neutron doses in the lethal range. The lesions were no longer
apparent after the fourth ;ostirradia.tion month. Fractured incisors
were observed during the same period, the number of animals with
fractures being greater after higher doses. Fractures were pre-
dominantly in mandibular teeth. The use of meal food in open con-
tainers markedly reduced the incidence of fractures. Neutron irrad.
lation appears to be two to three times more effective than x-rays

in producing the defects described.
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